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Glatiramer acetate (previously known as copolymer 1) is a synthetic copolymer of four 
the treatment of multiple sclerosis. It has been shown to suppress myelin antigen specific T 
antigens at the major histocompatibility complex class II binding site and by inducing antigen 
investigated the effects of glatiramer acetate on the human monocytic cell line, THP- 
as a model for macrophages. At non-toxic concentrations of glatiramer acetate there were dose 
cells expressing human leukocyte DR and DQ antigen as well as in mean fluorescence intensity 
necrosis fact or- a and the lysosomal cysteine proteinase cathepsin B were markedly inhibited, 
These results suggest that glatiramer acetate might alter macrophage effector function am 
monocytes and macrophages are warranted. Published by Elsevier Science B.V. 
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acids that has been approved for use in 
cell activation by competing with these 
ic suppressor T cells. In this study we 
by lipopolysaccharide and interferon- y 
iependent reductions in the percentage of 
by flow cytometry. Production of tumor 
out production of interleukin-l increased, 
suggest that further studies in human 



1. Introduction 

Glatiramer acetate (previously called copolymer 1) is a 
synthetic basic copolymer of four amino acids (alanine, 
lysine, glutamic acid, and tyrosine) (Teitelbaum et al., 
1971) that cross-reacts with myelin basic protein. It has 
been shown that glatiramer acetate can suppress clinical 
and pathological signs of experimental autoimmune en- 
cephalomyelitis induced by myelin basic protein (Arnon 
and Teitelbaum, 1988), pro teo lipid protein (Teitelbaum et 
al., 1996) or myelin oligodendrocyte glycoprotein (Rosbo 
ct al., 1996) and reduce the exacerbation rale in 
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relapsing-remitting knultiple sclerosis in double-blind, 
placebo-controlled clinical trials (Johnson et al., 1995). 
The mechanism of activity, however, is not fully under- 
stood. Previous stud cs indicated that glatiramer acetate 
specifically inhibits he T cell response to myelin basic 
protein in vitro by competing with it at the major histo- 
compatibility comple t class II binding site (Teitelbaum et 
induce antigen-specific suppressor T 
cells in vivo that pi event development of experimental 
autoimmune encepha omyelitis and suppress myelin basic 
protein specific T cell activation (Aharoni et al., 1993). 
Human peripheral blxx) mononuclear cells often exhibit 
blastogenic response! to glatiramer acetate suggesting T 
cell recognition (Bros nan et al., 1985). However, little data 
is available On the ef "ects of glatiramer acetate on antigen 
presencati n by montcytes and macrophages, cells which 
are important in the ; >athogenesis of autoimmune diseases 
including multiple sclerosis (Prineas and Graham, 1981). 
Therefore, in this study we investigated the effects of 
glatiramer acetate on major histocompatibility complex 
class D molecule expression, synthesis of a lysosomal 
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cysteine proteinase cathepsin B which is implicated in 
demyelination (Yanagisawa et al., 1984) and production of 
the monocytic proinflammatory cytokines, tumor necrosis 
factor-a and interleukin- 1 p , using the THP-1 cell line. 
This line is a human monocytic leukemia cell line with 
characteristics of macrophages including immunological 
functions, which serves as a useful model for studying the 
role of monocyte-macrophages in the human immune re- 
sponse (Auwerx, 1991). THP-1 cells can be induced to 
differentiate into macrophagc-likc cells by phorbol esters 
(Li and Bever, 1996) or by bacterial lipopolysacchande (Li 
et al., 1997), and can be activated by interferon-y (Li et 
al., 1994, 1997; Li and Bever, 1996). These macrophage- 
like cells express large amounts of major histocompatibil- 
ity complex molecules (Li et al., 1994), produce large 
quantities of lysosomal proteinases (Li and Bever, 1 996; Li 
et al., 1997) and secrete typical macrophage-associatcd 
cytokines including interleukin- 1 f} and tumor necrosis fac- 
tor-a (Li et al., 1994), which may play important roles in 
the pathogenesis of inflammation and demyelination in 
multiple sclerosis (Selmaj and Raine, 1988; Durum and 
Oppenheim, 1989). In this report, we present results show- 
ing that glatiramer acetate could regulate these functions in 
our system in vitro. 



2. Materials and methods 

2.7. Drugs and reagents 

Recombinant human interferon- y was purchased from 
Genzyme (Cambridge, MA). Lipopolysacchande (E. coli t 
0111: B4), A^carbobenzoxy-(DL)-L-alanyl-L-arginyl-L- 
arginine-4-methoxy-/3-naphthylamide, or-naphthylamide, 
brij 35, fast garnet, and trypan blue solution (0.4%) were 
purchased from Sigma Chemical (St. Louis, MO). Glati- 
ramer acetate, composed of L-alanine, L-glutamic acid, 
L-lysine, and l- tyrosine in a residual molar ratio of 
4.2:1.4:3.4:1.0 (Batch #29035) was a gift from Teva 
Pharmaceutical (Petah-Tiqva). The THP-l cell line was 
obtained from the American Type Culture Collection 
(Rockville, MD). RPMJ 1640 medium, phosphate buffered 
saline (PBS). penicillin-G, streptomycin, L-glutamine, 
sodium pyruvate were purchased from Life Technologies 
(Gibco, Grand Island, NY). Fetal bovine serum was ob- 
tained from HyClone (Logan, UT). 

2.2. Cells and cell culture 

THP-1 cells were derived from a 1-year-old individual 
with acute monocytic leukemia and have monocyte-macro- 
phage characteristics (Tsuchiya et al., 1980). These c lis 
were grown in 75 cm 2 plastic tissue culture flasks (Com- 
ing, Coming, NY) in 20 ml of RPMI 1640 medium 
supplemented with the antibiotics penicillin-G (50 U /ml) 
and streptomycin (50 /ig/ml), 10% (v/v) heat-inactivated 
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15 pg/ml for tumor necrosis factor-or and 10 pg/ml for 
interlcukin-1/3, respectively. The antibodies in these Kits 
did not have any detectable cross-reactivity with other 
antigens. In accordance with the manufacturer's instruc- 
tions the samples were incubated in duplicate wells and 
read on an automated ELISA reader ( Anthos-Labtec In- 
struments, Salzburg). 

2.5. Cathepsin B assay 

A standard assay based on the release of naphthalamine 
from an artificial substrate was used (Barrett and Kirschke, 
1981). Stimulated THP-1 cells were harvested by gentle 
scraping with a disposable rubber cell scraper (Costar, 
Cambridge, MA). Cells were washed 3 times with PBS 
(pH 7.0), counted, and 5 x 10 s cells were aliquoted for 
assay. Cells were resuspended in PBS (pH 6.0) and lysed 
by freeze-thawing and sonication 3 times. The resulting 
lysate was then assayed in triplicate by a previously de- 
scribed assay based on the release of naphthylarnine from 
an artificial substrate (Bever et al., 1989). In brief, aliquots 
of supernatants prepared by centrifugation were added to 
activation buffer to give 250 fil .containing 100 raM 
phosphate and J mM ethylencdiaminetetraacetic acid 
(EDTA), pH 6.0. After 5 min, N-carbobenzoxy-(DL)-L- 
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Fig. 1 . The effect of glati ramer acetate on cell surface human leukocyte antigen-DR and human 
cells cultured for 72 h in the absence of I irmpoly saccharide, interferon-? and glatiramer acetate (A 
25 Mg/ml lipopoly saccharide followed by 48 h with 500 U/ral interferon-? (C and D). THP-1 cells 
Mg/" 1 ' glatiramer acetate for 24 h followed by 500 U/ml interferon- y for 48 h (E and F). The 
molecules indicated, as described in Section 2. 



antigen-DQ expression on THP-1 cells. THP-1 
B ). THP- 1 cells cultured for 24 h in the presence of 
ci iltured with 25 /ig/ml Lipopolysaccharide and 20 
cel|s were then analyzed by flow cytometry for the 
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Tabic I 

The effect of giatiramer uceUie on human leukocyte antigen-DR and human leukocyte antigenj-DQ expression on THP-1 cells* 



Tjcaimenl 



HLA-DR 



HLA-DQ 



positive c (%) 



fluorescence* 1 (mean) 



positive' (%) 



fluorescence* 1 (mean) 



None 66 

LPS + I FN- 7 96 

(LPS + 5 MB/ml Cop 1) + IFN 7 89 

(LPS + 10 MS/mJ Cop !) + IHN-y 93 

(LPS t 20 Mg/mJ Cop 1) + IFN-7 76 



2.5 
53.0 
40.4 
38.8 
11.6 



10 
44 

30 
39 
19 



0.37 
2.46 
2.31 
2.23 
0.97 



'Representative fluorescence profiles are given in Fig. 1. 

to CeIls incubated for 24 h in media containing 25 fitg/m\ of lipopolysaccharide (LPS). Medium 
containing 500 U/ml of interferon- 7 (IFN- 7). Cells were harvested after 43 h of incubation 
at the concentrations given. 

c Percent positive cells relative 10 the irrelevant antibody control. 
d Mean fluorescence intensity of the positive cells. 



was then removed and replaced with fresh medhi 
CJlatiramer acetate (Cop 1) was added to the first incubaii 



U/ml of interferon-y for 48 h upregulated the expression 
of human leukocyte antigen-DR and -DQ (Fig. 1C and D). 
As shown in Table 1, the percentage of positive cells 
increased to 96.4% and 44%. respectively, after treatment 
with lipopolysaccharide and interferon--y. Incubation of the 
cells with 20 /xg/ml giatiramer acetate for 24 h decreased 
the number of stained cells to 76% and 19%, respectively 
(Fig. IE and F; Table 1). Untreated cells showed low mean 
fluorescence intensity values for human leukocyte antigen- 
DR and -DQ (Table 1 ). Lipopolysaccharide and interferon- 
y additively increased the density of these cell surface 
molecules (data not shown). Treatment of the THP-1 hu- 
man monocytes in culture with lipopolysaccharide and 
interferon- y caused striking increases in both human 
leukocyte antigen-DR and human leukocyte antigen-DQ 
mean fluorescence intensity (Table l). Addition of glati- 
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Fig. 2. The effect of giatiramer acetate (cop 1) on the production of tumor 
necrosis fact or- a and interieukin-l 0 in lipopolysaccharide -primed THP- 1 
cell cultures by interferon -y. Cells were incubated with lipopolysaccha- 
ride (25 ng/m\) in the presence or absence of giatiramer acetate (cop I) 
for 24 h, the medium was changed to fresh medium containing inierferon-y 
(500 U/mJ) for an additional 24 h and supernaunls were then collected 
and assayed for tumor necrosis factor- a and imerleukin- 1 0 as described 
in Section 2. IL-I beta, interleukin-l 0; Cop I, giatiramer acetate; LPS, 
lipopolysaccharide; TJVF-alpha, tumor necrosis factor-a; IFN g. inter- 
feron-?. 
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activity of an inducible lysosomal cysteine proteinase, 
cathepsin B, was also studied using the human monocytic 
cell line, THP-1. We have shown previously thai there 
were basal low levels of cathepsin B in unstimulated cells. 
Stimulation of lipopolysaccharide-primed THP-1 cells with 
interferon-? increased cathepsin B activity. The effect of 
interferon-? was dose- and time-dependent (Li et al., 
1997). Incubation with glatiramer acetate for 24 h effec- 
tively blocked the interferon- -y-induced increase in mono- 
cyte cathepsin B activity (Fig. 3). The toxicity of glati- 
ramer acetate concentrations from 2.5 to 150 jig/ml was 
examined by cell recovery, trypan blue dye exclusion, and 
51 Cr release cytotoxicity assay (data not shown) and con- 
centrations of 50 /xg/ml and above were found to be 
toxic. The concentrations of glatiramer acetate used in 
these experiments were not toxic. 



4. Discussion 

In this report, we used THP-1 cells as a model of 
human monocytes and macrophages and studied the effect 
of glatiramer acetate on the modulation of expression of 
major histocompatibility complex class II molecules and 
synthesis of cytokines and cathepsin B. We demonstrated 
here for the first time that glatiramer acetate downregulates 
lipopolysaccharide and interferon- y-induced expression of 
human leukocyte antigen-DR and -DQ in THP-1 human 
monocytic/macrophage-like cells. Glatiramer acetate also 
effectively blocked the interferon-y-induced increase in 
tumor necrosis factor- or production and cathepsin B activ- 
ity, but uprcgulated the production of interleukin- 1 f3 by 
approximately 50% in lipopolysaccharide-primed THP-1 
cells. These results differ from those in a previously 
published study in which we found no effect (Milo and 
Panitch, 1995), but those studies differed significandy 
from the present studies in that the cell line was a B 
lymphocyte transformed by Epstein-Barr virus infection 
and only the effect of glatiramer acetate on unstimulated 
class II antigen expression was examined. These differ- 
ences suggest that future studies should examine human 
monocytes and macrophages. 

Activated monocytes and macrophages are important in 
the pathogenesis of multiple sclerosis. Macrophages are 
found in lesions, actively phagocytizing myelin lamella 
and ingesting immunoglobulins bound to myelin (Prineas 
and Graham, 1981). Peripheral blood monocytes are acti- 
vated in multiple sclerosis and exhibit augmented release 
of arachidonic acid metabolites (Merrill et al., 1989), toxic 
oxygen intermediates (Fisher el al., 1988), hydrolytic en- 
zymes (Cieri and Bever, 1990; Bever et al., 1994), and 
cytokines (Merrill et al., 1989) compared to cells of nor- 
mal individuals. Monocytes within multiple sclerosis 
plaques in the brain are also activated and express major 
histocompatibility complex class II molecules (Traugott et 
al., 1983). These studies together suggest that activated 



macrophages are important in multiple sclerosis pathogen- 
esis. 

The mechanism of action of glatiramer acetate, which 
was developed 1 3 prevent the development of xperimental 
allergic encephalomyelitis, is not known. Glatiram r ac- 
etate suppresses acute experimental autoimmune en* 
cephalomyelitis in various animal species (Teitelbaum et 
al., 1971; Sela i;t al., 1990) and chronic-relapsing experi- 
mental autoimmune encephalomyelitis in guinea pigs 
(Keith et al., 1979), and reduced relapse rate and improved 
disability in re apsing-remitting multiple sclerosis on a 
phase III mullicenter, double-blind, placebo-controlled 
clinical trial (Johnson et al., 1995). Two possible mecha- 
nisms were pro] >osed for the activity of glatiramer acetate 
in experimental autoimmune encephalomyelitis and multi- 
ple sclerosis: (i \ induction of antigen-specific suppressor 
cells (Aharoni et al., 1993); and (ii) competition with 
myelin antigens for activation of antigen specific T cell 
lines (Teitelbaum et 4* 1992 * 1996; Milo and Panitch, 
1995; Rosbo et ;d., 1996). Evidence showed that glatiramer 
acetate can inhibit the response to myelin basic protein of 
various myelin basic protein-specific T cell Lines only in 
the presence of antigen-presenting cells, indicating that the 
site of action of glatiramer acetate is probably on the maj r 
histocompatibility complex class II molecules (Teitelbaum 
et al., 1992). Rackc et al. (1992) have reported that 
glatiramer acetae can suppress responses of murine T cells 
to antigens other than myelin basic protein and postulated 
that blockade of antigen presentation was related to the 
restriction element involved rather than to the specific 
antigen. Together, these studies suggest that one of the 
possible mechaiJsms of inhibition of glatiramer acetate is 
to interfere witii antigen presentation which in turn inter- 
feres with T cell activation. 

It is generally accepted that processing of a protein 
antigen by an antigen-presenting cell and its presentation 
as a complex vith self-major histocompatibility compl x 
molecules are iTerequisites for antigen recognition by T 
lymphocytes via their T cell receptors, leading to T cell 
activation. CD4^ T cells recognize the antigenic peptide 
bound to major! histocompatibility complex class II-anri- 
gens on antigen-presenting cells. Regulation of class D 
antigen expression on the surface of antigen-presenting 
cells is a critical step in the control of immune responses 
(Unanue et aL, 11984). Human leukocyte antigen-DR and 
-DQ are the principal class II molecules operative in 
antigen-recognition by autoreactive CD4 + T cells in multi- 
ple sclerosis patients (Martin et al., 1990; Ota et al., 1990; 
Pette et al., 19TO). Blockade of the interferon- y-induced 
increases in human leukocyte antigen-DR and -DQ expres- 
sion on antigen-presenting cell by glatiramer acetate could 
be one of the mechanisms which controls the deleterious 
effects of interferon- y in multiple sclerosis. We have 
shown that glatiramer acetate blocks the increases in hu- 
man leukocyte antigen-DR and -DQ expression induced by 
lipopolysaccharide and interferon-? treatment of THP-1 
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cells. Two further steps are needed to determine the signif- 
icance of this effect. It must be shown that glatiranter 
acetate has a similar effect on stimulated class II antigen 
expression on human monocytes and macrophages and that 
antigen presenting function is inhibited. 

The major cell wall component of Gram-negative bacte- 
ria, lipopolysaccharide, is a potent activator of macrophage 
responses involved in the host defense against infection 
(Adams and Hamilton, 1992; Rietschel and Brade, 1992). 
Interferon-y, a T cell-derived cytokine, also regulates 
monocyte activation and effector function including modu- 
lation of major histocompatibility complex antigen expres- 
sions (Li et al., 1994; Li and Bever. 1996). Activated 
monocytes produce cytokines such as interleukin-1/3 and 
tumor necrosis factor-a (Adams and Hamilton, 1992; Li et 
al., 1994), which are likely to contribute to myelin damage 
and local inflammation (Selmaj and Raine, 1988; Durum 
and Oppenheim, 1989). Tumor necrosis factor-a regulates 
immune responses (Old, 1987), damages myelin-forming 
ohgodendroglia (Selmaj and Raine, 1988; Soliven et al., 
1991), and stimulates astrocyte proliferation in vitro 
(Selmaj et al., 1990). lnterleukin- 1 and tumor necrosis 
factor-cr activate T cells and mediate the perivascular 
demyelination and gliosis characteristic of multiple sclero- 
sis plaques (Hofman el al, 1989; Selmaj et al., 1990). 
Glatiramcr acetate has differential effects on cytokine ex- 
pression in our system, with inhibition of tumor necrosis 
factor-a and enhancement of intcrlcukin-10. The exact 
mechanism for this effects is not clear. However, tumor 
necrosis factor-a has shown to amplify major histocompat- 
ibility complex class II gene induction (Chang and Lee, 
1986; Arenzana-Seisdedos et al., 1988), while inlerleukin- 
1(3 downregulates it (Johnson et al., 1989; Smith et al., 
1 993), the effect of glatiramer acetate on these cytokines 
correlates with its effect on human leukocyte antigen-DR 
and -DQ. However, other factors may be involved because 
no change was seen in class II antigen expression at 5 
/xg/ml glatiramer acetate, a concentration which increased 
LL-1 (3 production. 

Cathepsin B (EC 3.4.22.1), a lysosomal cysteine pro- 
teinase, is implicated in myelin basic protein degradation 
(Yanagisawa et al., 1984). It is increased in the peripheral 
blood monocytes and macrophages of multiple sclerosis 
patients (Bever, 1991; Bever and Garver, 1992a,b; Bever 
et al., 1994), and in multiple sclerosis lesions (Bever and 
Garver, 1992a,b, 1995), and is induced in macrophages 
after interferon-y treatment (Cieri and Bever, 1990). It is 
possible that during multiple sclerosis exacerbations, 
macrophages in multiple sclerosis lesions are activated by 
interferon-y and produce proteinases which participate in 
demyelination and result in the fragments of myelin basic 
protein which are found in the cerebr spina] fluid of 
multiple sclerosis patients. In addition, the role of these 
nzymes might not be limited to th degradation of extra- 
cellular matrix (Barrett and Kirschke, 1981; Maciewicz 
and Wotton, 1991; Cardozo el al., 1992), but also may be 



related t 
compatibili 
this regard, 
in cleaving 
padbility 
and 

1994) and a 
II major 
(Reyes et 
is possible 



the 



cc mpk 



Cresswell 



a 



and presentation 
immune sy;tem 
ramer acetate 
induced by 
indirectly 
activation, 
of glatiramtk 

In sumrr 
with 
feron 
and -DQ 
necrosis 
glatiramer 
leukocyte 
production 
with 

suggest that 
clinical trials 
due to an 
studies 



glatiramer 
-y-indi teed 



fa< tor- 



monoc^tes 



effect 



using 
examining 
rosis will be 



Acknowledj cements 



work 



This 
Multiple 
Affairs (to 
postdoctoral 
School of 
cal Center. 



presentation of antigen to the major hi 
complex class II (Matsunaga et al., 19931 
it has been shown that cathepsin B has a 
invariant chains from class II major histoc 
lex molecules (Reyes et al., 1991; Rc 
1991; Daibata et al., 1994; Mizuochi el 
role in the processing and presentation f c 
histocompatibility complex-restricted antij 
1991; Matsunaga el al., 1993). Therefor 
hat cathepsin B participates in the proces 
of myelin basic protein peptides to 
and enhances immune response. G 
inhibits the increases in cathepsin B acti 
lipopolysaccharide and interferon-y and a 
interfere with antigen presentation and T 
This mechanism could contribute to the el 
acetate on multiple sclerosis disease actr 
ary, we have shown a downregulating ei 
acetate on lipopolysaccharide and ii 
THP-1 cell human leukocyt antigen 
expression, cathepsin B activity, and tu 
-or production. Our findings suggest 
icetate could downregulate class H nun 
antigen expression and tumor necrosis fact* 
ind decrease cathepsin B activity associ 
and macrophages in vivo. These find 
the benefit of glatiramer ac tate seer 
> in multiple sclerosis patients could in par 
on monocytes and macrophages. Fur 
human monocytes and macrophages 
a dditional cytokines implicated in multiple s 
needed. 



was supported by grants from the Natii 
Sclerosis Society and the Department of Vetei 
CTB). Eh*. Qingdi Li was supported b 
fellowship from the University of Mary] 
Medicine and Baltimore Veterans Affairs M 



References 

Adams. D.O.. Hamilton. T.A.. 1992. Molecular basis of macrop 
activatioo: ]>iversity aod its origins. In: Lewis, L.E., McGee, J.C 
(Eds.), The Macrophage: The Natural Immune System. IRJL P 
Oxford, pp. 75-105. 

Aharoni, R-, Ti itelbaum, D., Anion, R., 1993. T suppressor hybridc 
and interlei ikin-2-dependcnt lines induced by copolymer 1 cm 
spinal cord boraogenate down -regulate experimental allergic 
cepbaloroye litis. Eur. J. Immunol. 23, J 7-25. 

AimTina-Seisd sdos. F., Mogensen, S., Vuillier, F.. 1988. Autoc 
secretion of tumor necrosis factor under the influence of interfcxi 
amplifies HJLA-DR gene induction in human monocytes. Proc. f 
Acad. Sci. USA 85. 6087-6091. 

Anion, R., Tcii dbauin. D. ( 1988. Suppression of demyclinating di» 
by synthetic copolymers. In: Serlupi-Crcscenzi, G. (Ed.), A MuJti 



BNSDOCID: <XP 893154A_I_> 



\ 



Q. U el at./ European Journal of Pharmacology 342 (1998) 303-3 10 



ciplinary Approach to Myelin Disease. Plenum Press, New York. pp. 
234-250. 

Auwerx, J., 1991. The human leukemia cell line, THP-1: A multifaceued 
model for ihe study of monocyte-macrophage differentiation. Experi- 
meniia 47, 22-30. 

Barrett. AJ.. Kirschke. H., 1981 . Cathepsin B, cathepsin H, and cathepsin 
L. Methods Enzymol. 80. 535-561. 

Bever, C.T.. 199 1. Cathepsin B in peripheral blood mononuclear cells of 
multiple sclerosis patients. Trans. Am. Soc. Neurochem. 22. 208. 

Bever, C.T., Garver, D.W., 1992a. Increased cathepsin B activity in 
multiple sclerosis lesions. Trans. Am. Soc. Neurochem. 23. 214. 

Bever, C.T., Garver, D.W.. 1992b. Cathepsin B activity in multiple 
sclerosis lesions: Cellular origins. Neurochem. Int. 21 (Suppl.), CI 8. 

Bever, C.T., Garver, D.W., 1995. Increased cathepsin B activity in 
multiple sclerosis brain. J. Neurol. Sci. 131, 71-73. 

Bever. CT-, Snyder, D.S., Endres, R.O.. Morgan, K.D., Postlethwaite, 
A.. Whitaker. J.N., 1989. Activation of astrocytic lysosomal pro- 
teinases by factors released by mononuclear leukocytes. Neurochem. 
Res. 14. 37-41. 

Bever, C.T.. Panitch, H.S., Johnson. K.P., 1994. Increased cathepsin B 
activity in peripheral blood mononuclear cells of multiple sclerosis 
patients. Neurology 44, 745-748. . 

Brosnan. C.F., Litwak. M.. Neighbour. P.A., Lyman. W.D.. Carter. T.H.. 
Bomstcin. M.B.. Bloom, B.R., 1985. Immunogenic potentials of 
copolymer I in normal human lymphocytes. Neurology 35, 1754- 
1759. 

Cardozo. C, Kurtz, C, Lesser. M., 1992. Degradation of rat lung 
collagens by cathepsin B. J. Lab. Clin. Med. 119, 169-175. 

Chang, R.J., Lee, S.H., 1986. Effects of interferon- y and tumor necrosis 
factor- a on the expression of an la antigen on a murine macrophage 
cell ttne. J. Immunol. 137. 2853-2856. 

Cieri, M., Bever, C.T.. 1990. Gamma interferon induced increases in 
cathepsin B activity are blocked by alpha and beta interferons (Type I 
interferon). FASEB J. 4, A339. 

Daibata, M., Xu, M., Humphreys, R.E., Reyes, V.E., 1994. More efficient 
peptide binding to MHC class II molecules during cathepsin B 
digestion of li than after li release. Mol. Immunol. 31. 255-260. 

Durum. S.C.. Oppcnheim, JJ-. 1989. Macrophage-derived mediators: 
Interleuktn 1, tumor necrosis factor, interleukin 6, and related cy- 
tokines. In: Paul. W. (Ed.), Fundamental Immunology. Raven Press, 
New York, pp. 639-661. 

Fisher, M., Levinc, P.H., Weiner, B.H., 19B8. Monocyte and polymor- 
phonuclear leukocyte toxic oxygen metabolite production in multiple 
sclerosis. Inflammation 12, 123-131. 

Hofman, F.M„ Hi n ton. D.R., Johnson, K., 1989. Tumor necrosis factor 
identified in multiple sclerosis brain. J. Exp. Med. 170, 607-612. 

Johnson. WJ.. Kelley. A.. Connor, J.R., 1989. Inhibition of IFN-'v-uv 
duced la antigen expression on synovial fibroblasts by II.- 1 . J. 
Immunol. 143, 1614-1618. 

Johnson, K.P., Brooks, B.R-, Cohen, J.A., 1995. Copolymer 1 reduces 
relapse rate and improves disability in relapsing-remitting multiple 
sclerosis: Results of a phase 01 multi center, double-Mind, placebo- 
controlled trial. Neurology 45, 1268-1276. 

Keith, A.B., Amon, R., Teitelbaum. D., 1979. The effect of Copl, a 
synthetic polypeptide, on chronic relapsing experimental allergic en- 
cephalomyelitis in guinea pigs. J. Neurol. Sci. 42, 267—274. 

Li, Q., Bever. C.T., 1996. Gamma interferon induced increases in intra- 
cellular cathepsin B activity in PMA primed THP-I cells are blocked 
by inhibitors of protein kinase C. Immunopharmacol. Imraunotoxicol. 
18. 375-396. 

Li, Q.. Milo, R., Uever. C.T., Swoveland, P., Panitch, H„ 1994. Protein 

kinase C regulates HLA class J1 molecule expressions and TNF-a 

production in TUP- 1 cells. FASEB J. 8, A506. 
Li. Q.. Falkier, W.A.. Bever, C.T., 1997. Endotoxin induces increased 

intracellular cathepsin B activity in THP-1 cells. ImrmiDopharmacol. 

Immunotoxicol. 19, 215-237. 
Maciewicz, R.A., Wot ton, S.F., 1991. Degradation of cartilage matrix 



JaraquenUdi 

1 of 



sclerosis 



Saibara, 



I be 



ST 



componeots by tht 
Biochim. Acta 50 

Martin, R 

HLA restriction 
from mutrple 
145, 540-548 

Matsunaga, Y 

of cathepsin B in 
FEBS Lett. 324, 

Merrill, JJB., Strom, 
tors of 
84-96. 

Milo. R-. Panitch, H 
feron |3-Ib on 
Neuroirnraunol. 

Mizuochi, T. Yee, 
E., 1994. Both 
processing of 
invariant Chain 

Old, LJ.. 1987. 

Ota, K.. Matsui, 
immunodominant 
Nature 346. 183 

Pette, M.. Fujita, ) 
multiple sclerosis 
of HLA-DR2 
uents and healthy 

Prineas, J.W., Grabs 
immunoglobuuii 
Ado. Neurol. 10, 

Racke, M.K.. Martw 
inhibition of 
antigen 

Reyes. V.E., Lu, S. 
from class II 
3880. 

Rietschel, E.T., BradJ:, 

Roche. P A. 

invariant chain 
DR molecules. 

Rosbo de Kcrlcro, 
1996. The auto 
protein (MOG) 



T., Kido, H.. Katunuma, N., 1993. Participation 
processing of antigen presentation to MHC class II. 

: 125-330. 

R., Ellison. G.W., 1989. In vitro study of raedia- 
inflammaiion in multiple sclerosis. J. Clin. Immunol. 9. 



Poly peptide 1 

M. 



pr tdacts 



anugen-j 
1 presentation, 



MIIC 



Cresswell, 



Poc. 



autoimmune encephalomyelitis; 
rol. 3 (Suppl. 4).' 
Sela, M., Arnon. R., 
in EAE and its 
(Paris) 88. 303- 
Selmaj. K.W., Raine 

and oligodeiwlrocjyte 
Selmaj, K.W 

cytes in vitro in 
Docroais factor. J 
Smith, MX., 
Interleukin- 10 
roimmunol. 46, 
Sotiven. B., Szuchay, 
mhibiu K+ 
Merobr. Biol. 1 
Teitelbaum, D., 
mental allergic 
Immunol. 1, 242 
Teitelbaum, D 
inbibiu human 
NaU. Acad. Sci. 
Teitelbaum. D. 

mer 1 inhibit! 



,McFarl 0, 



5 7- 



Milo, 



Frid kis 



309 



cysteine proteinases, Cathepsin B and L. Biomed. 
561-564. 

D., Flerlage, M., 1990. Fine specificity and 
myelin basic protein-specific cytotoxic T cell lines 
patients and healthy individuals. J. Immunol. 



1995. Additive effects of copolymer- 1 and inter- 
imroune response to myelin basic protein. J. 
1, 185-193. 

, Kasai. M, Kakiuchi. T,. Muno. D., Kominami, 
cathepsin B and cathepsin D are necessary for 
as well as for degradation of class D MHC 
inmunot. Lea 43, 189-193. ' 

mediator network. Nature 326, 330-331. 
Milford, EX., 1990. T-cell recognition of an 
myelin basic protein epitope in multiple sclerosis. 
187. ! 

, Wilkinson, D , 1990. Myelin autoreactivity in 
Recognition of my el in-basic protein in the context 
by T lymphocytes of multiple-sclerosis pa- 
donors. Proc Natl. Acad. Sci. USA 87, 7968-7972. 

J.S., 1981. Multiple Sclerosis: Capping of surface 
3 on macrophages engaged in myelin breakdown. 
149-158. 

„ R.. McFariand, H.. 1992. Copolymer- 1 induced 
i-spccific T cell activation: Interference with 
1. J. Neuroimmunol. 37, 75-84. 
Humphreys. R.E., 1991. Cathepsin B cleavage of Ij 
alpha- and beta-chains. J- Immunol. 146, 3877- 



H., 1992. Bacterial endotoxins. Sci. Am. 267. 54. 
P., 1991. Proteolysis of the class □ associated 
generates a peptide binding site in intracellular HLA- 
. NaU. Acad. Sci. USA 88. 3150-3154. 
Mendel, I.. Milo. R., Flechter, S., Ben-Nun, A-. 
iin fruity response to myelin oligodendrocyte glyctv 
multiple sclerosis and MOG-induced experimental 
Effect of copolymer- 1. Eur. J. Neu- 

57-58. 

Teitelbaum, D., 1990. Suppressive activity of Cop- 1 
relevance to multiple sclerosis. Bull. Inst. Pasteur 
314. 

C.S., 1988. Tumor necrosis factor mediates myelin 

damage in vitro. Ann. Neurol. 23, 339-346. 
|, M.. Norton. W.T.. 1990. Proliferation of astro- 
response to cytokines: A primary role for tumor 
Immunol. 144. 129-135. 

D.E., Dhib-Jalbut, S., 1993. Differential effect of 
la expression in astrocytes and microglia. I. Neu- 
104. 

S.. Nelson. DJ., 1991. Tumor necrosis factor 
expression in cuhurcd oligodendrocytes. J. 
127-137. 

, A., Hirshfeld, T., 1971. Suppression of experv 
phalomyelitis by a synthetic polypeptide. Eux. J. 
246. 

R., Amon, R , 1992. Synthetic copolymer I 
"f-cell lines specific for myelin bask protein. Proc. 
LISA 89, 137-141. 

Hareli. M., Arnon. R.. Sela. M.. 1996. Copoly- 
chronic relapsing experimental allergic cn- 



cu rent 
Mesnorcr, 



BNSDOCID: <XP 693154A_L> 



310 



Q. U ct at/ European Journal of Pharmacology 342 (1998) 303-310 



cephalomyelitis induced by proteolipid protein (PLP) peptides in mice 
and interferes with PLP- specific T cell responses. J. Neuroimmunol. 
64. 209-217. 

Traugott. U.. Reinherz, EX.. Raine. CS.. 1983. Multiple sclerosis distri- 
bution of T cells, T cell subsets and la-positive macrophages in 
lesions of different ages. J. Neuroimmunol. 4, 201-221. 

Tsuchiya, S., Yamabe, M., Yamaguchi, Y.„ Kobayashi, Y., Koono, T„ 



191 0. 



Tada, K_ 

monocytic 
Unanuc, EA.. 

meets on its 
Yanagisawa, K. 

1984. 

E-64 analogue, 



. Degracaiii 



le ikemia < 
B:llcr, 



Establishment and characterization of a human acute 
cell line (THP-1). InL J. Cancer 26. 171-176. 
DJ., Lu. C.Y., 1984. Antigen presentation: Com- 
rcgulation and mechanism. J. Immunol. 132, 1-4. 
Sato. 5., Miyatake, T., Kominami, E.„ Katsunuma, N. t 
ion of myelin prole in by cathepsin B and inhibition by 
Neurochern. Res. 9. 691-694. 



OCID: <XP_ 



INTER 



N^nc 



TIONAL SEARCH REPORT 

ben on patent family monben 



t ter *mal Application No 

PCT/US 95/04121 



Patent document 


Publication 


Patent family 


Publication 


cited in search report 


date 


member(s) 


date 


US-A-4428965 


31-01-84 


CA-A- 


1164473 


27-03-84 






JP-C- 


1584103 


22-10-90 






JP-B- 


2007932 


21-02-90 






JP-A- 


55162717 


18-12-80 



W0-A-92 11859 


23-07-92 


NONE 






WO-A-9207952 


14-05-92 


AU-B- 
CA-A- 
EP-A- 
JP-T- 


1272292 
2095323 
0555418 
6506056 


26-05-92 
01-05-92 
18-08-93 
07-07-94 



Form PCTyi&A/aiQ <pUMt family aenu) (July 1993) 

BNSDOCID: <WO 9526980A3J_> 



